Dissection of cytonuclear interactions is fundamentally important for understanding the genetic architecture of complex traits. Here we propose a mating design based on reciprocal crosses and extend the existing QTL mapping method to evaluate the contribution of cytoplasm and QTL×cytoplasm interactions to the phenotypic variation. Efficiency of the design and method is demonstrated via simulated data. Cytoplasm, containing a wide variety of organelles such as mitochondria and chloroplasts, is the environment within which almost all the reactions of cellular metabolism take place. It becomes clear that the cytoplasm also plays a critical role in orchestrating the activities of the nuclei (NANNEY 1953; HAGA 1995; ELFGANG et al. 1999; CHINNERY 2003; RAND et al. 2004 ). In plant breeding, this can be demonstrated by certain combinations of cytoplasm and nucleus donor materials particularly favored by breeders. MENG et al. (2005) has showed that in wheat different cytoplasm background can activate or restrain the expression of the same nuclear genes. The significant contribution of nucleus-cytoplasm interaction to the phenotypic variation has also been detected in other model organisms like rice, mice, yeast and drosophila (ROUBERTOUX et al. 2003; TAO et al. 2004; ZEYL et al. 2005; RAND et al. 2006) .
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Evidently, the genetic dissection of cytonuclear epistasis is essential for our understanding of genetic architecture and evolutionary force of complex traits. However, most gene-mapping studies that featured with single cytoplasmic background are hard to incorporate this significant component.
In the present note, we explore a class of mating schemes derived through reciprocal crosses, in which each type of nuclear genotype is obtained under two cytoplasmic backgrounds. The statistical model for genome-wide scan of loci involving cytonuclear epistasis is constructed and analyzed via modifying the existing model for testing genotype×environment (G×E) interactions. Simulation studies are performed to verify the feasibility of the proposed methods and to compare the efficiencies of various mating schemes.
The experimental design for the dissection of the cytoplasmic factors is illustrated in Figure 1 . The design starts with a pair of crosses that reverse the sexes of two parental lines carrying the different cytoplasms. The reciprocal F 1 families derived are therefore identically heterozygous but have alternative cytoplasms, which are inherited through only the female lineage. On the basis of the F 1 hybrids, five mapping populations with bulked cytoplasmic background can then be created, i.e., double haploid (DH), two backcrosses (BC1 and BC2), The composite interval mapping model (ZENG, 1994; JIANG and ZENG, 1995) (MENG and RUBIN 1993) . The detailed likelihood analysis and numerical implementation of the ECM iteration can be found in ZENG (1994) and JIANG and ZENG (1995) .
Given model (1) are thus given by Tables 2, 3 , 4 and 5) suggest that DH population tends to produce higher power than others, though which is noninformative in inferring the dominance effect and the dominance×cytoplasm interaction.
The cytoplasm influences the expression of nuclear genes in a very complex way. In this study, we seek to evaluate the effect of cytoplasmic environment in total in interacting with the nucleus within the framework of QTL mapping. The proposed experimental designs embraced the cytoplasmic genetic variation by replicating nuclear genotypes across different cytoplasmic backgrounds. Analogous ideas have actually been adopted in some applications. NICHOLS et al. (2007) used double haploids produced by androgenesis using eggs from different females in rainbow trout, which is similar with our mapping population MP1. By studying reciprocal crosses of strains carrying alternative mtDNAs, RAND et al. (2006) found that the main effects of mitochondrial genotype on Drosophila longevity can be masked by the strong universal mito-nuclear interactions.
It is worth to mention that, in the typical reciprocal crosses another important source of genetic variation is genetic imprinting, which is an epigenetic regulation mechanism through which gene expression depends completely or partially upon parental origin (BARLOW 1995; REIK and WALTER 2001) . The F 1 hybrids in our design differ not only in the alternative cytoplasms but also in the parent-of-origin effects on the nuclear alleles. Therefore, the effects of genetic imprinting will be confounded with cytoplasmic factors if only F 1 populations are studied. CUI (2007) recently has proposed a method that models the genetic imprinting effects as a probability measure with which one can test the degree of imprinting. But the imprinting effect should not cause any problem in our study since no variation between reciprocal heterozygotes is included in the bulked mapping populations that are derived from reciprocal
The developed method should be very useful in detecting the genetic architecture of hybrid fitness. The inheritance mechanism of hybrid inferiority and heterosis has long been a contentious issue. A large amount of researches have been conducted focusing on the epistasis among nuclear genes (YU et al. 1997; LI et al. 2001; ALLEN 2005; MALMBERG et al. 2005 ).
However, relatively few studies have explored the role of these non-nuclear effects to the hybrid performance. Increasing evidence from cytoplasmic substitution lines and cell fusion lines has indicated that hybrid weakness is often related to the interactions between the nuclear genome and the chloroplast and mitochondrial genomes, and these interactions could play an important role in the origin and isolation of species (LEVIN 2003; RHODe and CRUZAn 2005) . Our method will give a clearer picture of the contributions of cytoplasmic factors especially cytonuclear effects to hybrid fitness. Moreover, the proposed design and method can be easily incorporated into the existing methods for detecting nuclear epistatic QTL (CARLBORG et al. 2000; KAO and ZENG 2002; YI et al. 2003 YI et al. , 2005 . Significant discoveries can be expected based on this more comprehensive model. The total heritability of five putative QTL was set at 60% and expressed as Table 1 . To fully dissect all the main effects and interactions with backcrosses, one may use a new population combining the MP2 and MP3, whose genetic constitution will be similar to the reciprocal F 2 populations (MP4). The design illustrated in this figure can be easily extended to consider more cytoplasms and more specific cytoplasmic genotypes, i.e., cytotypes. 
